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spectroscopy, IPs are the
most easily obtained 
molecular parameter
The energetics support 
the ‘simple’ interpretation 
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The Group VI ligands have 
a closed-shell singlet 
molecular neutral ground 
state
S has better overlap with 
Th orbitals than O
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ThF has a doublet Ω=1.5 
ground state and loses an 
electron from 7s upon 
ionization somewhat 
easier than the Group VI 
actinide molecules
The order is reversed for 
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Note that the removal of 
7s versus 6d/5f e- does 
not have a huge 
energetic difference
This partially contributes 
to a high density of 
states
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Note that the removal of 
7s versus 6d/5f e- does 
not have a huge 
energetic difference
Therefore you will also 
see (N)Ω and        
[T0/103 cm-1]Ω notations
Where does ThCl fit?
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Error bars are not 
shown on the other 
data points because 
they are too small
  
ThF and ThF+
ThF and ThF+ Molecular Constants3
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Photon Energy / cm-1
  
ThCl Fluorescence
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Photon Energy / cm-1
Visible spectrum is 
dominated by ThO















Pump energy = 23514.32 cm-1
Emission Energy / cm-1; 0 = pump laser energy
X constants:
ωe = 339(1) cm-1
ωexe = 1(1) cm-1
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Almost the entire 
band of this {21.98} 
state is free of other 
molecular features
The Cl isotope split is 
9.3cm-1 which 
suggests that v'=1 
  
ThCl Fluorescence





 = 8 K
B' = 0.0823(2) cm-1
B" = 0.0891(2) cm-1







The lowest P and R 
lines indicate Ω=1.5 
for the ground and 
excited states
CASPT2 says







The lowest P and R 
lines indicate Ω=1.5 
for the ground and 
excited states
CASPT2 says
X2Δ3/2 which is in 
agreement
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[21.7]v=1 1.5 – Xv=02Δ3/2
  
ThCl+ Ionization Limit
Preliminary step is 
photoionization 
efficiency
Pump laser at 21977.6 
cm-1 
(R band-head of 
[21.7]v=1 1.5 feature)




















spectrum is difficult 
to interpret
Calculations are way 
off!












Two-Photon Energy / cm-1 (field-corrected)
IP = 51720(10) cm-1
= 54617 cm-1  CASPT2
= 51034 cm-1  CCSD(T)











Total Energy / cm-1
ThCl+ ZEKE
ThCl+ origin band 
probed with ZEKE 
demonstrates that 
the PIE analysis was 
skewed by one-color 
resonances




X3Δ1 as is also the 
case for ThF+
IP = 51744(3) cm-1
  











Energy / cm-1  (relative to ThCl+ origin)
ThCl+ States via ZEKE
Within 1000 cm-1 of 
the ground state, 
there appears to be 
11 possible vibronic 
states of the ion
Further experiments 
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Refinement and extension of ZEKE spectrum
●  Further work must be done before the low-lying 
states can be assigned
●  Ω values will be hard to extract in any case 
because of small B
●  Ground state neutral constants are well-predicted 
●  CCSD(T) shows improvement over CASPT2 but still 
not as good as we have seen in other AnL species
●  Vibronic levels of the ion still needed
●  For convenience, only one state of the neutral has 
been investigated in detail so far but there’s plenty 
more to look at
Extending calculations
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